Study of CP violation in the decay channel B 0 s → J/ψφ is essential to exploring and constraining physics beyond the Standard Model in the quark flavour sector. The experimental progress in this area of activity at the LHC and Tevatron is discussed. 
where M The decay B 0 s → J/ψφ (charge conjugate is implied in this paper) proceeds dominantly via a tree level b → ccs diagram that is well understood in the SM. This makes it an ideal place to search for demonstration of new physics with only limited hadronic uncertainties. Ignoring the doubly Cabibbo-suppressed penguin contributions in the b → ccs decay process, we denote the phase difference between the amplitude for a direct decay of B 0 s to a CP eigenstate f with eigenvalue η f and the amplitude for decay after oscillation as
where A f andĀ f are the decay amplitudes of B There is also a CP -odd final state due to S-wave K + K − contribution (specified using the subscript "S") under the φ peak. An angular analysis is needed to statistically disentangle the four CP eigenstates [4, 5] . The differential rates in decay time and angular variables for the decay B 0 s → J/ψφ are given in the references [4] [5] [6] . The time-dependent angular analysis of flavour tagged B 0 s → J/ψφ decays also needs to take into account the experimental effects such as background contamination, detector resolution and reconstruction efficiency.
II. HISTORICAL REVIEW OF THE EXPERIMENTAL STUDY
The decay B 0 s → J/ψφ has been extensively studied at the Tevatron and LHC experiments [7] [8] [9] [10] . Early study at CDF and D0 experiments each using an integrated luminosity of 2.8 fb −1 showed a 2.1σ deviation from their SM expectations ( Fig. 1) [7]. However, this was not confirmed by the CDF updated result using 5.2 fb − 1 of data [8] and the D0 updated result using 8.0 fb −1 of data [9] , nor by the much more precise LHCb result based on 0.37 fb
of pp collision data ( Fig. 2 (left) ) [10] . Furthermore, following the method described in Ref. [6] , LHCb used the 0.37 fb −1 sample to measure the phase difference between the S-wave and P-wave amplitudes as a function of the K + K − invariant mass for each of the two ambiguous solutions (see Fig. 2 (left) ) and identified the solution with a decreasing trend as the physical solution (solution I in Fig. 2 (right) ). This determined the sign of ∆Γ s to be positive with a 4.7 σ significance [11] , and resolved the two-fold ambiguity of φ s for the first time. The remaining solution of φ s and ∆Γ s in the LHCb analysis of B 0 s → J/ψφ decays was consistent with the SM expectations. The most up-to-date results from the LHCb and CDF experiments will be discussed in details in Section III. Fig. 3 (left) , where a J/ψ mass constraint is applied in the vertex fit. These events were triggered by requiring a relatively high transverse momentum muon track from the J/ψ decay to be displaced from the pp interaction point. The trigger efficiency depends on the decay time of the B 0 s mesons. The geometrical acceptance of the detector and the kinematic requirements on the final state particles also induce a dependence of the reconstruction efficiency as a function of the angular variables. Both efficiency effects are corrected for in the analysis. The background is dominated by combinatorial events and its decay time and angular model is constructed using B 0 s mass sidebands. The decay time resolution effect is modelled using a Gaussian model, which has a width S σt · σ t . Here σ t is the event-by-event decay time resolution. The scale factor S σt is estimated to be 1.45 ± 0.06 from a fit to the t ∼ 0 region ( Fig. 3 (right) ) and allowed to vary within this uncertainty in the fit for extraction of φ s . This event-by-event resolution model has a statistical power for measurement of mixing-induced CP asymmetries in B 0 s decays equivalent to that of a single Gaussian model with a constant width of 45 fs. In this analysis, the flavour of the B (orB) meson at production (t = 0) is identified using the opposite side (OS) tagging method, which exploits information about the other b-hadron from pair production of bb quarks, including charges of the decay products of the other b-hadron. A wrong tag probability of the OS tagging decision is estimated for each B candidate, and this estimated probability is calibrated in the control channel B + → J/ψK + , as shown in Fig. 4 (left) . The distribution of calibrated OS wrong tag probability of the tagged B 0 s → J/ψφ signal candidates is shown in Fig. 4 (right) , from which an average wrong tag probability ofω = (36.81 ± 0.18(stat) ± 0.74(syst))% is obtained. The tagging efficiency is ǫ tag = (32.99 ± 0.33)%. The effective tagging efficiency for the B numerical results of the major physics parameters are
where F S is the fraction of S wave contribution in a window of 12 MeV around the φ mass. As can be seen in Fig. 6 (left) , the measurement of φ s and ∆Γ s is in good agreement with the SM predictions. These results are still dominated by statistical uncertainties. The important sources of systematic uncertainties include the neglected direct CP violation, insufficient modelling of angular acceptance and background effects. A refined LHCb analysis using the same data sample is in progress. This will include the same side kaon tagging information to increase effective tagging efficiency and also benefit from the improved understanding of the systematic uncertainties. CDF updated its B 0 s → J/ψφ analysis using 9.6 fb −1 of pp collision data collected at a center of mass energy of √ s = 1.96 TeV at the Tevatron [14] . Approximately 11,000 signal decays are selected and analyzed. Due to the low decay time resolution, the CDF analysis has limited sensitivity to φ s . The CDF ∆Γ s result has a precision comparable to that of the LHCb result:
The latest HFAG [15] average of the results from the LHCb [12], CDF [14] and D0 [9] analyses is shown in Fig. 6  (right) . The LHCb result dominates the combination, which is in good agreement with the SM predictions. (At the time of writing this article, the ATLAS experiment has also reported the result of a time-dependent angular analysis of B 0 s → J/ψ φ decays without flavour tagging [16] . We do not discuss this result here.) In the context of model-independent analysis, the new physics contribution to M s 12 can be parameterized using the complex number ∆ s ,
The constraints on ∆ s provided by the current measurements of φ s , ∆m s , ∆m d , ∆Γ s and semileptonic asymmetries, are shown in Fig. 7 [17] . As can be seen, the major constraints on new physics in M 
IV. CONCLUSIONS
In summary, the study of CP violation in B 
